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Question 1 – Numerical methods  
Question 1.1  
Explain the difference between an “analytical solution” and a “numerical solution”.  
(1 mark) 
 
Question 1.2  
For a particular base 2 computer number representation, the mantissa is determined by a 52 bit 
binary number, the sign is determined by one bit and the signed exponent is determined by an 11 
bit binary number (range of -1022 to 1023).  Calculate the largest and smallest numbers that can 





Question 2 – Root finding  
Question 2.1  
Explain the concept of a “stopping criterion”.  How is this criterion often implemented? 
(2 marks) 
 
Question 2.2  
Using diagrams, explain the root finding method of “false position”. 
(3 marks) 
 
Question 2.3  
Before a bracketing method can be used to find a root, a bracket needs to be found.  What is a 
common method for finding brackets? What test does this method use to determine if a bracket 
has been found? 
(2 marks) 
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Question 3 – Linear equations  
Question 3.1          
For the structure shown below,  express the force equations in a matrix form (F=Ku) 
 
 
     (4 marks) 
Question 3.2  
Suggest a situation where the Cholesky command would be more efficient than using 
MATLAB’s left divide function. Explain why the Cholesky command is more efficient in that 
situation. 
(2 marks) 
Question 3.3  
The condition number for a matrix used to solve a system of linear equations is 50e8.  How 
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Question 4 – Curve fitting  
Question 4.1  
If you are sure that your data points are accurate, would you choose interpolation or regression 
to fit a curve to the data?  If you are unsure of the accuracy of your data points, what should you 




Question 4.2  




SSr −=2  
discuss the meaning of the r-squared term in linear regression. 
(1 mark) 
 
Question 4.3  
What order of spline is most commonly used?  What are the implications of fitting a higher or 
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Question 5 – Integration and differentiation  
Consider the data in Figure 1. 
 
Figure 1 
Question 5.1  
Referring to the data in Figure 1, use Simpson’s 1/3 rule to determine the distance travelled by 
the vehicle between t=1 and t=3.        (2 marks) 
 
Question 5.2  
Suggest a time when you would use Simpson’s 3/8 rule.  Why would you not use Simpson’s 1/3 
rule in that situation?          (2 marks) 
 
Question 5.3  
Referring to the data in Figure 1, use a backwards finite difference method that is second order 
accurate to find the acceleration at t = 4.  A table of backwards difference formulas is provided 
at the end of the paper.         (2 marks) 
 
Question 5.4  
The motion of a mass with a spring and damper connected can be defined by: 
064 =++ xxx   
Rewrite this equation in vector notation using a system of first order ODEs. 
(1 mark) 
  




















velocity of a vehicle
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Question 6 – Finite element analysis 
Question 6.1  
For a bar element which can only sustain axial loading, the basic equation relating local member 
end-forces with end-deflections is: f = k * d. 
 















Question 6.2  
Explain the concept of mesh convergence.  When analysing mesh convergence, what two factors 
are being balanced? 
(3 marks) 
Question 6.3  
For a planar finite element analysis, how many degrees of freedom must be constrained by the 




Question 7 – LISA assignment  
Question 7.1  
Draw a diagram of the system that you modelled showing the boundary conditions and the 
applied loads. 
(3 marks) 
Question 7.2  
Briefly discuss the assumptions that you made when modelling the system and discuss how you 
ensured the validity of these assumptions. 
(4 marks) 
Question 7.3  
Were you able to compare your numerical (FEA) results with analytical or experimental results? 
If so, how large was the discrepancy? Discuss which results were most likely to be correct and 
the possible reason for any differences. 
(3 marks) 
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Formula sheet 
Simpson’s 1/3 rule: 
( ) ( ) ( )[ ]210 43 xfxfxf
hI ++=  
 
Table 1: backwards difference formulas 
 
 
 
